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Tuesday, February 5, 2013 477aInhibition of myosin II, which decreases traction forces, causes single cells to
alter morphology, decrease their adherent area, and disassemble FA and actin
stress fibers. In contrast, cells in contact with one another show no significant
effect.
The spreading, shape and cytoskeletal morphology of single cells on soft
HA-Fn substrates seems to be influenced by internal traction forces; however,
this link between internal traction forces and cell spreading is eliminated when
cells make cell-cell contact. These results suggest that traction forces within
single cells on soft HA-Fn can be stimulated by HA as on stiffer PAA-Fn
substrates which lead to similar cell spreading area and morphology response.
Moreover, it is demonstrated that mechanical signaling is specific not only to
substrate stiffness but also to substrate composition and cell state.
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Many organelles and vesicles move in an intermittent (start-stop) manner in
live cells when observed by video microscopy. We propose that such vesicles
travel in one of two states, a driven state in which they are being actively pulled
along a cytoskeletal fiber by motor proteins, and a Brownian state in which they
are detached from the fiber and obey the laws of diffusion in the cytoplasm.
Using variational Bayesian analysis, we analyze the tracks of peroxisomes,
lysosomes, and other organelles in PC12 and HME cells to reveal the probabil-
ity that the vesicle is in the driven or the Brownian state at each time (frame).
Instantaneous vesicle velocity and directional persistence are the input data for
our hidden Markov, Gaussian mixture model Bayesian analysis. This analysis
evaluates the most probable velocity as well the variance of the velocity of
each state. It also determines the most probable times at which the state
changes. Further analysis of the motions of the vesicles during the Brownian
episodes may permit a cleaner assessment of the viscoelastic properties of
cytoplasm. This research is supported by the National Science Foundation
under Grant No. CMMI-1106105. AMS is supported by the NIGMS of the
National Institutes of Health under award number T32GM095440.
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We report a model describing various stages of Drosophila dorsal closure.
Inspired by experimental observations, we represent the amnioserosa by hexag-
onal cells that are coupled mechanically through the position of nodes and the
elastic forces on the edges. Besides, each cell has radial spokes on which
myosin motors can attach and exert contractile forces, the myosin dynamics
itself being controlled by a signaling molecule. In the early phase, amnioserosa
cells oscillate as a result of coupling among the chemical signaling, myosin
activity and mechanical deformation of neighboring cells. Cross-correlation
function of area variation of neighboring cells calculated based on our model
predictions shows agreement with previous studies. In slow phase, we test
two ‘ratcheting mechanisms’ suggested by experiments: an internal ratchet
by the myosin condensates in the apical medial surface and an external one
by the supracellular actin cables encircling the amnioserosa. Our model predic-
tions suggest the former as the main contributor to cell and tissue reduction in
this stage. In fast phase of dorsal closure, we gradually shrink the resting length
of radial spokes to simulate the consistent tissue contraction.
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Myosin II plays a vital role in many fundamental cellular and developmental
processes such as cell-cell adhesion, cell migration and cytokinesis. Using
immunocytochemistry, video imaging and optical tweezers we have deter-
mined myosin II function in motility and the force exerted by lamellipodia
from growth cones (GCs) of isolated Dorsal Root Ganglia (DRG) neurons. In
DRGGCs the concentration of NMIIA isoform of myosin II was approximately
constant from the GC center to its leading edge while NMIIB isoform of my-
osin II was more confined in the central region of GCs. Video imaging shows
that when the activity of myosin II was inhibited by Blebbistatin lamellipodia
emerging from the soma and from GCs become ‘‘filopodish’’ with the clear
appearance of structures reminiscent of filopodia. After treatment with 20mMBlebbistatin cycles of lamellipodia protrusion/retraction slowed down and
lamellipodia did not lift up axially as in control conditions and lamellipodia
motion was completely abolished by 50 mM Blebbistatin. Immunocytochemi-
cal analysis of filopodia emerging from GCs treated with Blebbistatin showed
the presence of tubulin, in a proportion higher than in filopodia in control
conditions. In the presence of 30 mM Blebbistatin lamellipodia exerted a force
30-50 % less than in control conditions, but surprisingly the force generated by
filopodia, increased by 30-50 %. These results suggest that: i - Myosin II is an
essential component of motility and force generation; ii - Myosin II plays a very
important role in the orchestration of GC structural stability.
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Using optical tweezers, we have compared the force exerted by lamellipodia
and filopodia from developing growth cones of isolated hippocampal neurons
and Dorsal Root Ganglia (DRG) neurons obtained from P1-P2 and P10-P12
rats. Lamellipodia of DRG neurons were usually larger than those from hippo-
campal neurons and the proportion of filopodia with microtubules in their
interior was higher in hippocampal than in DRG neurons. Filopodia from
hippocampal growth cones exerted a large force often in the order of 5 pN,
while the force exerted by filopodia of DRG growth cones was in the order
of 1-2 pN and never exceeded 5 pN. Lamellipodia of both hippocampal and
DRG growth cones exerted lateral forces up to 20 pN, but lamellipodia from
DRG neurons could exert a vertical force larger than lamellipodia from
hippocampal neurons. Therefore, the lateral force exerted by lamellipodia
from peripheral nervous system (PNS) and central nervous system (CNS)
neurons at different developmental stages is broadly similar but hippocampal
filopodia could exerted a force larger than that of DRG filopodia.
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Substrate stiffness and topography that mimic healthy and unhealthy heart tissue
were engineered for contractility and anchorage assessment of neonatal rat
ventricular myocytes in vitro. Substrates were molded from PDMS with soft
10 kPa (normal) or rigid 1000 kPa (fibrotic) stiffness and either flat or topography
with 15mm-high, 15mm-diameter posts, spaced 75mm apart. Data of living (line
scans) and fixed (immunohistochemistry Z-stacks) cells was collected on a Zeiss
710 confocal microscope. Line scan data was analyzed with LSM Browser to
determine cell shortening and shortening velocity; Z-stack images were ana-
lyzed with Volocity and MetaMorph to quantify distribution of the focal
adhesion protein, paxillin and assess sarcomere remodeling. Shortening
(displacement) was greater in the mid-region vs. the end of the cell, regardless
of substrate topography or stiffness. Shortening in the mid-region was greater
on rigid substrates, regardless of topography. Shortening velocity is fastest
(~10mm/sec) on rigid post substrata and slowest (~5mm/sec) on soft substrates,
regardless of topography. The majority of quantified paxillin was localized in
the outer perimeter of the cell (over 50%on post and over 70%onflat substrates),
regardless of stiffness. Paxillin was also localized on post topographies but in
a smaller quantity (~30% on rigid and ~15% on soft substrates). This 3D-post
environment, that permits paxillin distribution in the Z-axis, simultaneously re-
duces the cell surface area (x-y plane). The focal adhesion complex on the 3D
post anchors and stabilizes deep layers of sarcomere formation, which extend
to the cell perimeter. In conclusion, topography predominates in contractile
shortening whereas the shortening velocity is more dependent on substrata stiff-
ness. Thus, contractile dysfunction of cardiomyocytes in stiff diseased 3D tissue
might affect velocity more than shortening. Funding: T32/HL07692, HL62426
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Extracellular matrix rigidity directs cell behavior and key processes in develop-
ment and tumorigenesis. During spreading and migration, cells produce
478a Tuesday, February 5, 2013periodic lamellipodial protrusion retractions cycles that require a rigid substrate
and the development of adhesions1. Moreover, there is evidence that rigidity is
detected locally in the region near the cell edge2. The motor protein myosin II
powers cell retractions, which are simultaneous with rearward flow of the
actin filament network1. However, the pattern and mechanism of forces
exerted by cells to test matrix rigidity have not been characterized. using
high-resolution force sensing pillars, we show here that the primary forces
powering periodic edge retraction come from local contraction units, which
exert inward forces near the cell edge, correlated with outward forces 2-3 mi-
crometers rearwards from the edge. Pillar displacement correlates with the local
concentrations of active myosin II and the actin crosslinking protein alpha-
actinin, but not with local levels of other common actin binding proteins.
The contractile units therefore display similarity to striated muscle and stress
fiber units, which are ~1-3 micrometers long, rely on myosin II for contractility,
and contain alpha-actinin as a major component of the complex that anchors
actin filaments. Thus, our results indicate that local contractile units, with
sarcomere-like organization, are responsible for periodic cell edge retractions
and rigidity sensing. References: [1] G. Giannone, B. Dubin-Thaler, M. Sheetz
et al. (2007) Cell 128, 561-575. [2] S. Ghassemi, G. Meacci, J. Hone et al.
(2012) Proc. Natl. Acad. Sci. USA, 109, 5328-5333
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Introduction: Myofibril based mechanical studies allow targeted evaluation of
sarcomeric protein function. Here we describe a novel method of obtaining
myofibrils from primary cardiomyocyte culture.
Methods: Adult rat ventricular myocytes (ARVMs) were obtained by enzy-
matic digestion and maintained in serum free environment for 72 hours.
ARVMs were homogenized in relaxing solution (pCa 9.0) with 20% sucrose,
and myofibril suspension was made. Myofibrils, mounted on a force recording
apparatus, were Ca2þ-activated and fully relaxed by fast solution switching at
15C and 2.1 mm initial sarcomere length.
Results from ARVM myofibrils were compared to those myofibrils obtained
from ventricular tissue with traditional skinning method (0.05% Triton-
X100). Results: At maximal Ca2þ-activation (pCa 4.5) myofibril mechanical
parameters from ARVMs were 8 mN/mm2 (resting tension), 156.4 mN/mm2
(maximal active tension, Po), 5.4 s-1 (rate of force activation, kACT), 5.2 s-
1 (rate of force redevelopment following release-restretch, kTR), 41.6 ms (lin-
ear relaxation duration), and 13.6 s-1 (exponential relaxation rate). The param-
eters of the myofibrils isolated from the ventricular tissue were not significantly
different. Degree of run-down (decrease in Po and kACT between subsequent
activation-relaxation cycles) was evaluated. Between first and third activations,
we noted the following % changes in myofibrils from ARVM cultures:23.6%
(Po),29.6% (kACT). The magnitude of run-down was not statistically differ-
ent between myofibrils from ARVMs versus the traditional Triton skinned sam-
ples. Finally, pCa50 from Triton skinned, ARVM culture day 0, and ARVM
culture day 3 myofibrils were 5.76, 5.74, and 5.71, respectively.
Conclusion: Myofibrils obtained from ARVMs is a viable method to study
myofibril mechanics. This culture based approach to obtaining myofibrils
will allow pharmacological and genetic manipulation of the cardiomyocytes
to correlate biochemical and biophysical properties.
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Among the three types of intracellular filament types, only the intermediate fil-
aments (IFs) are able to withstand high loads of tensile stress. Despite the path-
ophysiological relevance of this mechanical support function in living cells, our
current knowledge about the mechanical properties of IF is almost exclusively
based on in vitro experiments with isolated IF. In our study we stretched living
cells uniaxially by 80% for 30s to determine the extension of keratin filaments
(the IF of epithelia) and we investigated how the filaments behave after stretch
release. Moreover we used keratin mutants that mimic or abrogate phosphory-
lation of keratin 8-serine431 and keratin 18-serine52 to further investigate
whether phosphorylation affects the mechanical properties of keratin filaments.
When cells are stretched and released the keratin filaments buckle, discernible
by tortuous keratin filaments. Our experiments show that this tortuousness is
not simply caused by a plastic overextension of keratin filaments but requiresan intact actin-myosin system. Probably actin/myosin provide a scaffold for
cross linking proteins (e.g. plectin) to anchor the keratin filaments in their
extended state during stretch. When the stretch is released, the scaffold is
pushed together and the cross linkers buckle the keratin filaments. Interestingly,
no filament tortuousness was found when cells were transfected with keratin
mutants where phosphorylation of keratin18-serine52 was abrogated. We pro-
pose that dephosphorylated keratin18-serine52 strengthens the recoil force of
keratin filaments and enables keratin to overpower the buckling force exerted
by the compressed scaffold. Alternatively, the keratin dephosphorylation
might weaken its binding to cross linker proteins, permitting a ‘frictionless’
slipping back of the filaments after stretch release. We found that keratin18-
serine52 is predominantly phosphorylated in the cell periphery, which points
at a particular role of the peripheral keratin network in this regard.
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Cells, in vivo, generally live in environments that are much softer (~kPa stiff-
ness) than tissue culture plastic or glass on which they are usually studied
(~GPa stiffness). While the response of the microtubule and the actin cytoskel-
etal networks to substrate stiffness has been previously studied, the response of
the vimentin intermediate filament network to changing substrate stiffness is
not known. When cells are grown on different stiffness polyacrylamide gels,
there is no change in the total amount of vimentin protein. However, there is
a significant change in the amount of vimentin protein that can be extracted
by Triton-X 100 when the cells are grown on substrates of physiological stiff-
ness. In human mesenchymal stem cells (hMSCs) cultured on glass, less than
5% of the vimentin is in the soluble pool. On substrates of physiological stiff-
ness, the amount of soluble vimentin responds in a biphasic manner. The
amount of soluble vimentin increases as stiffness decreases to a peak of about
65% soluble pool in cells cultured on a 5 kPa substrate. The amount of soluble
vimentin then decreases again as substrate stiffness decreases to 0.2 kPa. This
phenomenon appears dependent on contractility, as on stiff gels treated with
blebbistatin or cytochalasin D the soluble vimentin pool increases and there
is no change in soluble vimentin on 5 kPa gels. In addition, cells grown in a con-
fluent monolayer on a 5 kPa gel show a significant decrease in the soluble pool.
These observations can help to elucidate the function of the vimentin network,
and suggest that in vivo cells maintain a much larger pool of dynamic vimentin
than is seen under standard tissue culture conditions.
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Cell mechanical properties are routinely quantified by indenting the cell with
a probe of an AFM. Because the resulting deformations are relatively large
(~mm), the mechanical contribution of the different parts of the cell is expected
to change during the indentation. This results in a non-linear response of the
cell as a whole, with both elastic and viscous properties.
We used a combined AFM and vertical optical trapping approach to deform
single fibroblasts with a micrometer-sized bead at forces from 10 pN to 1
nN. At low indentations (0.2 mm) the cellular response is mainly elastic; the
modulus of 100 Pa is largely determined by the actin cortex. At higher inden-
tations, viscous effects increase the apparent elastic modulus. This viscous con-
tribution followed a weak power-law with an exponent of up to 0.31 (at 1 mm).
Optical trapping has the benefit of a lower
force noise than AFM and gives consistent
results for the cell’s visco-elasticity. The
combination of both techniques allows the
investigation of single cells at a wide range
of length- and time-scales which enables the
separation of their viscous and elastic
components.2448-Pos Board B467
Laser-Generated GHz Acoustic Waves Reveal a Universal Nuclear
Stiffness Probed during Cell Differentiation
Omar F. Zouani1, Thomas Dehoux2, Marie-Christine Durrieu1,
Bertrand Audoin2.
1IECB-CNRS UMR 5248, Pessac, France, 2CNRS, I2M, UMR 5295,
Talence, France.
